Numerous methods have been devised for the rapid isolation of plasmid DNA by means of various chemical or chromatographic separations. However, the main limitations on sample numbers and processing speed of minipreps are imposed by the methods of sample handling. When single culture or extraction tubes are used at any step, a substantial effort must be put into the labeling, sorting, opening and closing of tubes, and the loading and unloading of single samples from shakers, water baths, centrifuges and gels. Mislabeling, incorrect sorting, loss of sample labels and accidental mixing of samples are all potential hazards of working with single-tube samples. In this report, we demonstrate that established miniprep protocols (1, 2) can be used to process large numbers of clones in microplate format. By arranging clones into 8 × 12 format as they are picked from the transformation plate, we assure that all steps of the procedure can be performed in ordered, standard-size arrays. Up to 384 clones can be analyzed parallel to as few as two centrifugation steps. Standard miniprep methods can easily be adapted to this format to give high yields of plasmid ready for use in restriction analysis, sequencing and further cloning steps.
Sample handling is the key to the efficiency of this method, and investment in the proper tools is quickly repaid in time and effort saved. Reusable deepwell polypropylene Megatiter ™plates (2 mL per well in 8 × 12 format) were purchased from Continental Laboratory Products (San Diego, CA, USA). GeNunc ™modules (Nunc, Naperville, IL, USA) or CyclePlates ® (Robbins Scientific, Sunnyvale, CA, USA) were used for digestions. A Model GS-6R Tabletop Centrifuge, GH 3.8 swingingbucket rotor and Microplus ™ Carrier adaptors (Beckman Instruments, Fullerton, CA, USA) were used for centrifugation.
Adjustable 8-or 12-channel Transferpette ™pipettors (Brinkmann Instruments, Westbury, NY, USA) were used for fluid transfer steps. We preferred yellow Multi Stack ™ tips (made by Labcon) from Applied Scientific (South San Francisco, CA, USA) for use with Transferpettes. A Brinkmann Instruments repeating pipettor was used with 2.5-, 5-, 25-or 50-mL Combitip ® syringes for the different dispensing steps of the protocol. The end of the Combitip syringe was fitted with an 8-port manifold (Continental Laboratory Products) to permit equal dispensing along an entire column of wells. The manifold itself was fitted with 8 ultra-micropipet tips (Applied Scientific) to minimize dripping when organic liquids were used.
A large agarose electrophoresis apparatus was fitted with combs having well spacings compatible with a multichannel pipettor. We routinely used an Owl A3 or A4 apparatus and multi - 
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channel-spaced combs with 21 or 42 wells (Owl Scientific, Woburn, MA, USA). In this case, we usually chose to do only 80 preps per culture plate, using the center ten columns, because the gels must be loaded in even multiples of ten samples per comb.
The following protocol was used. Megatiter plates were wrapped with a double-thickness foil lid and autoclaved. A 50-mL Combitip and manifold were used to dispense 1 mL/well of Terrific broth containing appropriate antibiotic. Gloved fingertips were swabbed with 70% ethanol and then used to select sterile pipet tips to pick single bacterial colonies from a transformation agar plate and to place the tips into wells of the culture plate. The arrangement of samples was recorded on an 8 × 12 grid on paper. A few designated wells of each plate were inoculated with clean tips as negative controls for cross-contamination among samples. With tips still in the wells, plates were covered again with the foil lids, placed on a 37°C shaker table and packed snugly into large flask holders with paper towels. Any rattling of the plates in the holders resulted in crosscontamination among wells. Culture plates were vigorously shaken overnight.
The next morning, pipet tips were aligned by tilting the plate diagonally and removed from the overnight culture plates by using the large-volume multichannel pipettor to pick them up and expel any liquid back into the wells. The ends of the tips were quickly blotted on a sterile paper towel to absorb excess liquid and then touched to a 15-cm antibiotic LB/agar plate to recreate the 8 × 12 array. Tips were discarded.
Cells were pelleted with a 5-min spin at 2000 rpm, and supernatants were decanted by simply inverting the plate and shaking the medium out of the wells. Following the protocol described by Sambrook et al. (2) , 125 µ L of Solution I (25 mM Tris, 50 mM glucose, 10 mM EDTA, pH 8.0) were added to each well from a 25-mL Combitip/manifold. RNase was omitted during the alkaline lysis procedure so that RNA could act as a carrier during the later ethanol precipitation. The contents of the plate were vortex mixed, by holding it firmly on the flathead attachment of a Vortex-Genie 2 ™(Scientific Industries, Bohemia, NY, USA) on setting 5-6, for up to 1 min or until all pellets appeared resuspended when viewed from below. After the addition of 250 µ L of Solution II (0.2 NNaOH, 1% sodium dodecyl sulfate [SDS]), the contents of the plate were vortex mixed briefly until all samples became translucent. After 187.5 µ L of Solution III (3 M potassium-5 M acetate) were added, the contents were again vortex mixed until all samples contained white precipitated solids. Sealing the plates was not necessary for any step of the protocol.
Plates were centrifuged for 10-15 min at 3250 rpm. Tight pellets of precipitate allowed 400 µ L of clear supernatant to be pipetted easily from each well. Pipet tips were slid into the wells along one side so that the ridged base of each tip rested on the top edge of the well, suspending the tip above the pellet and allowing clear supernatant to be taken up and moved to a clean Megatiter plate. Next, an optional phenol/ chloroform extraction step was performed. Organic phase (187.5 µ L) was added to each well. The phases were gently vortex mixed in the plates and centrifuged 5 min at 3250 rpm. The small volume (less than 200 µ L) of organic phase allowed 350 µ L of aqueous phase to be pipetted easily from above the interface, again by resting tips on the edges of the wells. Extracted lysates were moved to a clean Megatiter plate.
Ethanol precipitation was performed by adding 2.5 vol of 95% ethanol to each well with the 50-mL Combitip/ manifold assembly. Samples were vortex mixed gently and then centrifuged 10-15 min at 3250 rpm. Wells were drained by inverting the plates and shaking out the supernatant. With RNA present, the maximum relative centrifugal force (RCF) of 1924 ×gwas sufficient to pellet plasmid DNA. A gentle 70% ethanol rinse was performed without centrifugation, by simply adding ethanol to all the wells and shaking out the plate again. Plates were air-dried 10-20 min resting on their sides. Pellets were resuspended in 25-125 µ L (depending upon the expected plasmid copy number) of TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0) containing 50 µ g/mL RNase A. The wells were sealed with adhesive tape and stored as stocks at 4°C.
For restriction digestions, a batch mixture of 2 × reaction buffer, 0.2 U/ µ L restriction enzyme, 10% sucrose and dilute bromophenol blue (BPB) was made in a single tube, in a volume sufficient for 10 µL per sample, plus an extra 5%-10% in case of pipetting error. The buffer mixture was distributed 10 µ L per well in a reaction microplate, and 10 µ L of each DNA sample were added. Plates were sealed and incubated for 1 h at the appropriate temperature. All enzymes tested performed well in the presence of sucrose and BPB.
A multichannel pipet was used to load reactions onto an agarose gel. Since gel loading was the first and only step at which samples departed from the 8 × 12 array format, care was taken to document loading order, especially when inter-digitated loading patterns were used, as with 42-well combs. Because the reactions already contained sucrose and dye, they could be loaded directly onto the gel.
Correct clones identified by restriction analysis were picked out of the array either as plasmid DNA from the stock Megatiter plates or as replicaplated clones arrayed on agar plates.
We have used this method for the isolation of both pUC-and pBR322-based plasmids from host strains DH5 α™, DH10B ™and Stbl2 ™. Plasmid has been used routinely for both transfection and sequencing. The entire isolation/digestion/analysis procedure can be done in 5 h. We have also successfully adapted this protocol to a more rapid, but lower-yielding, boilinglysis method (1) . The basic elements of our culture, replica-plating and lysis protocols should be easily merged with commercially available chromatographic miniprep kits that are sold in 8 × 12 arrays.
The benefit-to-cost ratio of this protocol is high, since special equipment used in the method is extremely versatile and definitely worthy of the investment. The basic manipulations of the miniprep protocol can be used for many other procedures performed in large numbers, including cell culture, purification and analysis of DNA and RNA from tissue culture cells and enzymatic
Method of Extracting Genomic DNA from Non-Germinated Gymnosperm and Angiosperm Pollen
BioTechniques 22:390-394 (March 1997) Naturally occurring ultraviolet-B (UV-B) radiation (wavelengths between 280 and 320 nm) at the earth's surface is projected to increase by 30% over the next 15 years because of predicted decreases in stratospheric ozone (3,13). This increase in UV-B radiation is also predicted to have deleterious effects on plant growth and reproduction. Determining the extent of UV-B-induced damage at the genetic level will require an assessment of DNA structural integrity (6). Traditional methods of isolating plant DNA have failed to yield DNA of acceptable quality for use in UV-B damage assays. Typical extraction protocols inherently prejudice results because they involve physical maceration and/or phase separation steps, which may introduce structural damage into the isolated DNA and/or may eliminate small fragments of sheared DNA, respectively. The objective of this study was to develop a simple and efficient method of extracting large quantities of nondegraded genomic DNA from forest tree pollen.
Of all plant reproductive tissues, pollen may be the most UV-B sensitive, with some species exhibiting no germination when damaged by UV-B radiation (18). DNA obtained from a mixture of germinated and non-germinated pollen will predominately originate from germinating, non-damaged pollen, resulting in an underestimation of the extent of damage caused by the UV-B exposure. Thus, an assessment of genetic damage from UV-B-exposed pollen requires a DNA isolation procedure that does not cause structural damage and is able to obtain DNA from both germinated and non-germinated pollen grains. Attempts at lysing nongerminated pollen to obtain high-molecular-weight DNA have been thwarted by the resilient morphology of the pollen coat (2, 17) . This resilience is mainly attributed to the presence of the pollen coat chemical sporopollenin, which is resistant to numerous chemicals, high temperatures and fungal and bacterial decay (8).
Pollen ). All pollen samples originated from local, native individuals, with the exceptions of ponderosa pine for which pollen was collected from a cultivated provenance study in Nebraska and European black cottonwood pollen, which was collected and shipped from Italy. All pollen was dried under desiccant to 10% (wt/vol) moisture content and stored at 4°C before use in the extraction assays.
Several techniques were tested in an effort to determine the combination of steps for extraction and purification that would yield DNA of the highest quality and quantity. Specifically, procedures to liberate DNA from pollen included 4-methylmorpholine-N -oxide (MMNO) treatment (1,2,12), osmotic rupture (7,14,16), snap-freezing (9), 390BioTechniques
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